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abstract 

A new description of conventional arc and spark spectra of ytterbium (neo- 
ytterbium, aldeberanium) has been completed in the wave-length range 2000 to 
11000 A. Wave-length measurements and intensity estimates are presented 
for 1,668 lines, 400 of which characterize neutral Yb atoms (Yb i spectrum), about 
1,250 are due to singly ionized atoms (Yb n spectrum), and possibly a dozen 
belong to doubly ionized atoms (Yb in spectrum). Some spectral regularities 
are given for neutral and for singly ionized atoms. The ground states of Yb, 
Yb + , and Yb ++ atoms appear to be associated with the electron configurations, 
4/ 14 6s 2 , 4/ 14 6a, and 4/ 14 , respectively. 
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I. INTRODUCTION 

In 1878, Marignac [l] 1 discovered in gadolonite a new earth which 
he named ytterbium (Yb). Nearly 30 years later Urbain [2] succeeded 
in splitting ytterbium into two components, which he named neo- 
ytterbium (Ny) and lutecium (Lu). The same separation was made 
mdependently (and probably somewhat earlier) by Auer [3], who pro- 
posed the names aldeberanium (Ad) and cassiopeium (Cp). The 
common usage now is to represent the elements having atomic num- 
bers 70 and 71 by the symbols Yb and Lu, respectively, except in 
Austria and Germany where Ad and Cp are more generally used. 

Owing to the difficulty of separating rare earths from one another, 
and to the complex nature of their spectra, descriptions of the latter 
have long been in a most unsatisfactory state. In our recent paper 
[4] on the arc and spark spectra of lutecium, we remarked that all 
available samples of lutecium were contaminated by ytterbium and 
thulium so that the spectra of the former could not be unambigu- 
ously determined without simultaneous comparison with ytterbium 
and thulium spectra. Thus our attempt to produce a complete and 
trustworthy description of lutecium spectra naturally led to the pro- 
duction of similar data for thulium and ytterbium. Improved de- 
scriptions of these spectra are essential not only for purposes of spec- 
troscopic identification and analysis, but also for the term analyses 
and interpretation or spectral structures characteristic of different 

i Numbers in brackets refer to literature citations at the end of this paper. 
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atoms and ions. In the present paper we make public our latest 
description of the conventional arc and spark spectra of ytterbium, 
including some preliminary details about spectral structures. 

The only spectroscopic tables published for ytterbium since the 
discovery of lutecium are the following [5]. Auer [3] first gave a list 
of 200 spark spectrum lines (2621.24 to 5897.56 A), but most of the 
wave lengths were borrowed from a table which Exner and Haschek 
had given for old ytterbium containing unrecognized lutecium. 
In 1910, Eder and Valenta [6] published 58 lines (5474.24 to 5788.87 A) 
observed in the arc spectrum and in 1911, reproduced spectrograms 
and gave tables of wave lengths [7] for the arc spectrum (169 lines 
2615.48 to 6799.87 A) and for the spark spectrum (195 lines 2615.48 to 
6799.87 A). The most complete tables were published, in 1911, by 
Exner and Haschek, who list 905 lines (2320.95 to 6799.91 A) observed 
in the arc spectrum [8] and 795 lines (2224.58 to 6489.31 A) in the 
spark spectrum [9]. These tables contain a considerable number of 
lutecium and thulium lines, and many ytterbium lines are common to 
both, without positive indication as to whether the^y belong to neutral 
or to ionized atoms. In 1914, Blumenfeld and Urbain [10] measured 
the wave lengths of 499 lines (2309.6 to 3499.4 A) most of which were 
believed to represent ytterbium, although many were recognized as 
possible impurities. The latest extensive description of Yb spectra 
consists of 422 lines (2271.51 to 7699.49 A) observed in the arc spectrum 
by Eder [11], neglecting more than 200 lines ascribed to impurities, 
principally Tm. The salts available for these early investigations of 
rare-earth spectra were so impure that great difficulty was experienced 
in sorting the lines and frequently the same lines were ascribed to two 
different elements. For example, [12] 2615.41 Yb, Lu; 2693.33 Yb, 
Lu; 3283.40 Yb, Tm; 3362.61 Yb, Tm; 3425.10 Yb, Tm; 3441.51 Yb, 
Tm; 3472.48 Yb, Lu; 3887.34 Yb, Er; 5074.32, De, Tm, Yb; 5307.11 
Yb, Tm. Except for the temperature classification of 399 lines 
(2935.09 to 6799.58 A) by King [13], no further investigations of Yb 
spectra have been reported in the past 22 years. 

II. EXPERIMENTS 

Our first measurements of Yb spectra were made in 1929 when the 
investigation of Lu spectra was begun [4]. Samples of Lu and Yb 
oxides prepared by Auer, and obtained from Eder in 1919 when he 
discontinued his work in spectroscopy, were available. Although 
the chemical separation was far from complete, it was possible to 
make a fairly satisfactory assignment of lines to Lu and Yb by 
simultaneous comparison of arc and spark spectra. However, both 
salts contained some Tm as impurity which could not be completely 
identified without comparable data for Tm spectra. The first sample 
of Tm salt available for this purpose was generously supplied in 1933, 
by Professor B. S. Hopkins, University of Illinois, who also supplied 
a sample of Lu oxide and three samples of Yb oxide, one of which 
contained more Lu than Tm, another more Tm than Lu, and the third 
was entirely free from both Lu and Tm, but contained considerable 
lanthanum. This ytterbium material was purified by the electrolytic 
reduction method devised by L. F. Yntema [14]. Alkali (Li, Na, K) 
and alkaline-earth (Mg, Ca, Sr, Ba) impurities are usually present in 
rare-earth salts, but these have extremely simple spectra, which are 
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easily identified. Miscellaneous impurities were detected by com- 
paring our final wave-length list with Kayser's Hauptlinien [12] and 
with a description of lanthanum spectra [15]. 

The procedures employed to insure the correct assignment of 
spectral lines to their emitter, both as regards chemical element and 
stage of ionization, were the same as for the study of Lu spectra [4], 
and the details regarding light sources, spectrographs, photographic 
plates, etc., given there need not be repeated here. 

III. RESULTS 

The measured wave lengths and estimated relative intensities of 
1,668 Yb lines observed in arc and spark spectra are presented in 
table 1. Each line in this table was observed on two or more spectro- 
grams except a few with questioned intensities which were seen only 
on the strongest exposures. The brightest Yb lines were measured 
on eight or nine spectrograms, and many of them were measured a 
number of times on Lu and Tm spectrograms, where they appeared 
as impurities. The concordance of values from different spectrograms 
and the coincidence of wave lengths with impurity lines indicates that 
the final results for most lines are correct within 0.01 A, but errors of 
0.02 A or more may exist among faint lines. Hazy lines which occur 
so frequently in spark spectra are not only subject to larger acci- 
dental errors but may show some systematic error, since they are 
usually unsymmetrical. Otherwise, Yb lines appear to be sharp 
and free from hyperfine structure. No information on the isotopic 
constitution of Yb is available, but since hyperfine structures have 
been detected only for lines of rare earths with odd atomic number, 
Yb (Z=70) may be assumed to be immune. 

In 1915 Eder [11] published 177 lines, which he suspected belonged 
to a new element, denebium (De). It now appears that at least 110 
of these lines are due to ytterbium, and many of the remainder are 
due to thulium. 

Table 1.- — Arc and spark spectra of ytterbium (Z = 70) 
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Table 1. — Arc and spark spectra of ytterbium (Z = 70)' — Continued 
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Table !.■ — Arc and spark spectra of ytterbium (Z = 70> — Continued 
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2 


50 
3 


ii 
ii 


2559.03 




ii 


2559.94 






ii 


2560.57 






ii 


2561.64 






ii 


2565.56 


5 


1 


ii 


2566.80 




u 


2567.63 
2568.17 


10« 


10 
be 
be 

2 

10 
20 


3 
3 

1 


ii 
ii 


2571.34 
2572.11 


6 


u 
ii 


2573.13 


3 

1 
2 

fie 




ii 


2574.78 




ii 


2577.68 


3 


ii 


2579.58 




ii 


2583.72 






IT 


2586.28 


l 




10 


II 


2588.65 




11 


2591.02 


1 






II 


2592.71 






II 


2594.18 
2594.48 


l 

2 
2 
2 
2 

1 
2 

1 
1 


3 


3 


II 
II 






2596.15 




II 






2596.29 




II 






2596. 73 




II 










II 


2597.26 




II 
II 
II 
H 


2599.16 




2 
1 


2600.19 




2600.84 


1 


2602.41 








4 
3 




II 


2604.04 




11 


2607.86 






II 


2608.45 






II 
II 


2609.12 




1 


2 
3 


2610.86 


3 

1 
1 
5 
6 
2 


2612.03 
2612.60 
2615.25 


3 
3 


II 

f " 
\1III 

II 




2617.00 






I? 


2619.06 






II 
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X air A 


Intensity and 
character 


Spec- 
trum 


X air A 


Intensity and 
character 


Spec- 
trum 


X air A 


Intensity and 
character 


Spec- 




Arc 


Spark 


Arc 


Spark 


Arc 


Spark 


trum 


2807.82 




1 
5 
2 
1 
3 

4 
1? 
1? 
3 
10 

1 
4 
40 

150 

2 

50 

6 

2 
20 

4 

2 

80 

4 
15 

3 

4 
1 
2 
4 
10 

8ft 
8ft 

lh 
? 

60/» 

30 
8 
100 
4 
8 

2 

20 

15 
2 
2? 

10 
8 
40 
60 
15 

60 
50 

1 

3ft 

3d 

2 

5 

80 

1 

20 

1 
2 


ii 
n 
ii 
n 
ii 

ii 
n 
ii 
n 
n 

n 
ii 
ii 

/ n 
\ ni? 

ii 

ii 
ii 
ii 
ii 
ii 

ii 
ii 
ii 
ii 
ii 

ii 
ii 
ii 
ii 
ii 

ii 
n 
ii 
i? 

IT 

ii 
ii 
ii 
ii 
ii 

n 
n 
ii 
n 
n 

ii 
n 
ii 
ii 
ii 

ii 
ii 
ii 
ii 
n 

ii 
n 
ii 
n 
ii 

n 
ii 
i 
n 
ii 


2881.92 
2882.14 
2883.87 
2884.42 
2885.07 

2885.98 
2886.26 
2888.03 
2891.38 
2893.63 

2894.99 
2896.91 
2898.34 
2899.24 
2899.72 

2902.39 
2902.92 
2906.34 
2906.88 
2908.10 

2908.33 
2909.19 
2909.47 
2911.51 
2912.86 

2914.21 
2914.49 
2915.27 
2916.43 
2916.84 

2919.34 
2921.12 
2924.23 
2927.12 
2927.86 

2934.34 
2935.10 
2937.18 
2938.19 
2939.52 

2940.51 
2942.04 
2942.82 
2944.47 
2945.91 

2946.30 
2946.77 
2947.11 
2950.32 
2951.02 

2951.41 
2953.03 
2955.31 
2957.64 
2960.85 

2951.81 
2962.53 
2963.21 
2363.46 
2964.41 

2964.75 
2965.16 
2966.76 
2969.69 
2970.56 




5 
4 
2/i 


ii 
ii 

ii 
i 
ii 

ii 
ii 
ii 
ii 

n 

ii 
ii 
ii 
ii 
ii 

ii 
ii 
ii 
n 
ii 

ii 
ii 
ii 
ii 
ii 

ii 
ii 
ii 
ii 
n 

ii 
ii 
n 
ii 
ii 

i,h? 
ii 
ii 
ii 
ii 

ii 
n 
ii 
n 
n 

n 
ii 
n 
n 
n 

n 
ii 
ii 
ii 
n 

n 
h 
n 
u 
ii 

n 
n 
ii 
n 
8 


2970.84 
2972.50 
2975.58 
2977.54 
2978.91 

2979.69 
2979.86 
2981.52 
2982.09 
2982.50 

2982.65 
2983.70 
2983.98 
2984.81 
2985.08 

2985.87 
2987.93 
2989.21 
2989.79 
2990.36 

2991.86 
2993.93 
2994.81 
2995.86 
2998.04 

2998.38 
3000.46 
3001.29 
3002.04 
3002.61 

3005.76 
3006.86 
3009.39 
3010.61 
3014.45 

3017.5.6 
3019.06 
3019.47 
3020.70 
3022.45 

3023.62 
3024.93 
3026.67 
3028.39 

3029.53 

3031.11 
3031.62 
3033.85 
3034.64 
3036.83 

3038.00 
3038.55 
3039.67 
3040.49 
3042.65 

3044.02 
3044.83 
3046.48 
3047.06 
3053.98 

3054.67 
3055.16 
3063.14 
3063.69 
3064.92 


2 


20 
3 
2 
4 
3 

2 
4 
2 
2 
15 

4 
8 

70 
5? 

30 

9 
2 
2 
1 
15 

20 
7 

80 

10 
9 

3 
40 

3 

3 
20 

200 
4 
40 
30 
30 

80 

3 

2 
10 

7 

4 

1 

80 

2 

70ft 

60 
2? 

4 
10 
4 

6 
2 

25 
5 

30 

5 
5 

15 
9 
2 

1 
5 
7 
8 
2 


ii 


2808.30 






ii 


2808.56 








ii 


2809.33 




1? 




ii 


2810.11 




1 

7 
10 
40 
200 
15 

lOrf 
10 
20 
2 
20 

2 

6 

40 

4 

4 

5 
7 
8 
40 
3 

60 

4? 
40 
10 

1 

90 
20 
15 

1 
10 

? Ag 

15 
10 

3 

6 

25 

6 

5 

3 
60 

15 

8 

2 
10 

4 

2 
5 
9 
3 
5 

3 

20 
10 
20 
5h 

30 

4 
15 

1? 
150 




ii 


2810.72 




2 
3 

8 

100 

2 




ii 


2811.17 






ii 


2812.66 






ii 


2814.25 






n 


2814.53 
2814.87 


2 


3 

1 
2 
10 


ii 
n 


281634 
2816.96 


1 


1 


ii 
ii 




1 




ii 


2818.75 
2819.47 


4 


5 
2 


ii 




10 


ii 


2821.15 




ii 


2823.57 






n 


2824.20 








ii 


2824.97 


3 




3 

4 

1 

10 
2 


ii 


2827.90 


1 
2 
2 
5 




2828.49 




ii 
ii 


2830.98 
2832 20 


8 


ii 
ii 


2834 98 


1 


n 


2838.65 


10 










n 


2841.34 


5 


n 


2842.19 




10 

1 


n 


2842.30 






n 


2842.58 




3 

30 
1 
6 
5 
4 

10 


ii 


2843 01 




15 
4 
3 




2843.80 




ii 
ii 


2844.77 




ii 


2846.29 




n 


2847.18 
2847.25 

2848 44 


10 
? 

4 

1 
20 


2 

3 
3 
2 


n 

ii 
ii 


2849 33 




ii 


2851.12 




ii 


2851.86 


2 

3 

1 


1 


ii 


2853.40 


1 


n 


2853.68 




n 


2854.12 


3 
2 


10 


n 


2854.49 




n 


2855.86 


10 

3 

1 




1 n 
1 m? 


2856.95 




50 


2858.35 
2858.45 
2859.39 
2859.80 
2860.40 

2861.21 
2861.31 
2862.87 


2 

1 
4 

20 
2 

6 
5 


n 
n 






2 


3 


n 




2 






ii 


3 


4 
1 
4 

1 

1 
3 
2 


ii 


2863.19 
2864.78 




n 




1 


n 


2865 34 




n 


2866.18 




4 


n 


2867.05 
2868.55 


10 


ii 


2 


ii 


2870.06 
2871 71 


2 


ii 


8 




n 


2872.15 




1 
2 


n 


2873.50 


1? 




n 


2875 90 


15 
10 


"ioo 


n 


2879.16 


1 




n 



sSSSa] Arc and Spark Spectra oj Ytterbium 

Table l.« — Arc and spark spectra of ytterbium (Z«=70) — Continued 



657 



X air A 


Intensity and 
character 


Spec- 
trum 


X air A 


Intensity and 
character 


Spec- 
trum 


X * ir A 


Intensity and 
character 


Spec- 




Arc 


Spark 


Arc 


Spark 


Arc 


Spark 


trum 


3065.04 


10 


50 
4 
4 
4 
5 

1 
4 
1? 

1 
6 

6 
6 

2f 

20 ' 
2? 

2 

40 

3 
25 

3 

2 

1? 

20 

10 

30? 

100 

2 

2 

30 

4 

5 
9 
50 
2 
3 

2 
40A 
2 
6 
3 

8 

2 
20 

6 
40 

15 
20 

2 

2 

5 

1? 
2 
2 
7 
40 

20 

2 

25 


n 
II 
n 
ii 
n 

ii 
ii 
n 
n 
ii 

ii 
ii 
ii 
n 
ii 

ii 
ii 
ii 
ii 
ii 

ii 
ii 
ii 
ii 
ii 

ii 
ii 
ii 
ii 
ii 

ii 
ii 
ii 
n 
ii 

ii 
ii 
n 
ii 
ii 

ii 
ii 
ii 
ii 
ii 

ii 
ii 

ii 
ii 

ii 
ii 
ii 
ii 
li 

ii 
ii 
ii 

i 
ii 

ii 
ii 
ii 
ii 
ii 


3175.75 
3180.91 
3186.59 
3190.81 
3191.41 

3192.88 
3194.24 
3194.76 
3195.57 
3196.06 

3196.35 
3198.66 
3199.81 
3201.16 
3204.69 

3206.16 
3207.70 
3210.11 
3214.33 
3215.49 

3215.94 
3217.19 
3218.33 
3221.26 
3221.51 

3223.17 
3225.86 
3226.75 
3228.63 
3229.84 

3231.99 
3236.16 
3237.82 
3239.20 
3239.60 

3242.07 
3244.97 
3246.07 
3252.14 
3254.22 

3256.05 
3259.10 
3261.51 
3261.70 
3264.92 

3265.08 
3265.95 
3271.18 
3271.53 
3275.81 

3286.97 
3289.36 
3294.33 
3297.85 
3298.82 

3302.42 
3304.57 
3304.76 
3305.27 
3305.73 

3306.79 
3309.38 
3310.95 
3313.80 
3315.11 


1 

4 


7 
40 

4 

1 
lOh 

120 
4 
5 
9 
2 

2 
30 

2 
60 

4 

4 

2 
10 
1 
2 

2 
20 
15 

4 

3 

1? 

20 

3 
15 

3 

9 
15 


ii 
ii 
ii 
ii 
ii 

ii 
ii 
ii 
ii 
ii 

ii 
ii 
ii 
ii 
ii 

ii 
ii 
ii 
ii 
ii 

ii 
ii 
n 
ii 
ii 

ii 
n 
ii 
ii 
ii 

ii 
ii 

i 
ii 

i 

ii 
ii 

ii 
ii 

ii 
ii 
ii 
ii 
ii 

ii 
ii 
ii 
n 
ii 

ii 
ii 
ii 
ii 
n 

ii 
ii 
ii 

ii 

ii 
ii 
ii 
n 
i 


3315.38 
3316.83 
3319.18 
3319.43 
3320.31 

3322.97 
3324.16 
3324.46 
3325.57 
3327.77 

3331.21 
3333.07 
3337. 18 
3342.94 
3343.06 

3346.50 
3347.53 
3349.94 
3351.08 
3352.49 

3353.74 
3355.88 
3356.98 
3361.61 
3362.43 

3363.61 
3365.97 
3369.90 
3375.48 
3378.43 

3379.78 
3382.58 
3384.04 
3387.49 
3390.32 

3391.10 
3392.40 
3394.44 
3396.32 
3400.58 

3401.02 
3402.28 
3404.11 
3408.50 
3409.88 

3410.54 
3411.24 
3412.45 
3414.86 
3415.04 

3415.98 
3416.88 
3418.40 
3419.62 
3420.35 

3426.06 
3428.48 
3431.14 
3434.62 
3436.46 

3438.73 
3438.83 
3443.59 
3446.89 
3448.00 




5 
3 
15 




3067.38 




ii 


3068.29 




2 

4 


ii 


3071.61 








3073.70 


1 




4 

5 
5 

1 
4 
2 

1 

15 
2 
2 
10 




3074.52 


20 

1 




ii 


3076.04 
3080.15 


1 


1 


ii 
n 


3080.55 




2 




ii 


3084.36 






ii 


3085.82 










3086.99 
3087.99 


1 


4 


3 
6 
8 
2? 

3 
3 


ii 


3089.11 
3089.61 


5 


8 
1 

1 


i 
ii 


3090.79 




i 


3092.54 




15 




3093.44 




1 


ii 


3093.87 
3094.92 


5 


2 

4 




3095.24 










3097.34 




4 
3 




n 


3101.36 


2 
1 






3102.07 






3107.79 




3 

2 




3107.91 


15 






i 


3109.79 


4 


1? 
25 


n 


3112.98 








3115.33 


4 
1 




5 




3116.07 






3116.50 


2 
3 
1? 
2 
2 






3116.71 


3 

15 


2? 




3117.81 






3122.22 


10 


5 
3 

1 




3123.52 






3125.45 


1 


2 

2/i? 






3126.06 






3127.14 




2 


1 




3127.86 


1 


1? 
3 

10 

25 
7 
2 

2 
1? 
4 
3 
6 

5 

800 
4 
4 

1 

1 

10 
10 




3129.14 


1 


1 

2 




3132.61 


2 


1? 


n 


3135.14 


2 
4 


3136.76 
31,38.63 


3 


2 


ii 
n 


3140.92 


10 

3 
4 
3 


3141.72 








3145.06 




1 
2 




3145.55 




1? 


i 


3146.13 




3148.99 


1 


1 
"400 






3150.44 






3151.45 








3152.45 




3 




3153.17 


2 
4 

3 






3153.86 




1 

10 
4 
8 
2 
2 

3 
4 

1 
2 




3155.18 
3155.79 


.... 

2 
3 
5 

1 
2 


20 

20 
30 


i 
ii 

ii 
n 

ii 


3158.29 
3162.31 


2 
2 
3 

2 


3163.79 

3165.20 
3168.41 


25 

20 
2 

30 
5 
8 


30 

7 
8 
1 
1? 


3169.05 


3 

1 
1 




3171.19 






ii 
ii 


3173.77 


2 
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Xair A 


Intensity and 
character 


Spec- 
trum 


X . ir A 


Intensity and 
character 


Spec- 
trum 


X air A 


Intensity and 
character 


Spec- 




Arc 


Spark 


Arc 


Spark 


Arc 


Spark 


trum 


3452.41 


3 

10 




I 

11 
11 
11 

1 

11 

I 
I 
11 

11 
11 
11 
1 
11 

11 
1 
11 
11 

11 
11 
11 
11 
I 

11 
II 
H 
II 
11 

11 
11 
11 

1 
11 

11 
1 

11 
11 
11 

11 
11 
11 
11 

1 

II 
n 
11 
11 
11 

11 
11 
11 
11 
11 

11 
11 
II 
11 
11 

11 
11 
H 
n 
n 


3634.54 
3637.76 
3644.23 
3648.13 
3648.46 

3649.74 
3652.96 
3655.73 
3664.56 
3664.76 

3669.71 
3670.68 
3675.08 
3687.15 
3687.60 

3690.54 
3691.48 
3691.71 
3694.19 
3698.59 

3699.50 
3699.81 
3700.57 
3701.03 
3703.42 

3708.66 
3710.32 
3716.15 
3720.98 
3722.29 

3724.22 
3729.80 
3730.39 
3734.70 
3741.61 

3743.15 
3749.68 
3753.05 
3753.89 
3761.00 

3762.54 
3766.10 
3770.10 
3773.43 
3774.32 

3779.28 
3782.54 
3784.40 
3786.37 
3791.74 

3798.18 
3798.44 
3807.54 
3814.22 
3816.21 

3816.34 
3839.46 
3839.92 
3840.33 
3847.48 

3847.86 
3857.61 
3858.55 
3863.46 
3872.85 


3 

7 
1 
2 

3 

6 
1 
5 

2 

500 
3 

2 

3 
2? 

1 
2 
2? 

2 

3 

1 
6 

2? 
2 

1 
1 

15 
2 
2 

2 

2? 

8ft 

2 
2? 
3 

2 

1 

5 

3 
3 

1 
20 


15 
3 

2 

2 
1? 

2 
2 

10 
8 

20 
2 
3 

10? 
4 

1000 
15 

4 

4 

3 

7 

2 
10 

15 
2 
3 

1 
3 

7 

2? 
3 
4 

6 
4 
3 
3 

2 
15 
3 

2 

15 

8 

7 

2? 
3 

3 
3 

2 
5 
2 


1 
n 
11 

1 
11 

11 
11 
1 

11 
11 

11 
n 
11 
11 
11 

11 
11 
1 
11 
n 

1 

11 
1 

11 

11 
11 
1 

11 
11 

11 

n 
n 

1 
n 

1 

11 
11 
n 
n 

n 
11 

n 

n 
n 
11 
1 
1 

1 
1 

u 
11 
11 

11 
11 
1 

n 
n 

1 
1 

n 


1 


3887.31 
3890.86 
3900.86 
3904.82 
3905.88 

3908.02 
3911.28 
3934.30 
3938.26 
3938.63 

3946.94 
3948.23 

3949.59 

3949.88 
3968.03 

3975.28 
3980.37 
3987.98 
3990.89 
3993.75 

3994.86 
3999.81 
4000.89 
4007.36 
4009.24 

4019.35 
4024.01 
4028.27 
4032.92 
4040.09 

4043.06 
4047.39 
4050.10 
4052.28 
4056.18 

4074.70 
4077.27 
4082.98 
4086.62 
4089.69 

4091.49 
4093.73 
4097.87 
4109.60 
4113.04 

4119.26 
4119.46 
4122.86 
4127.34 
4131.00 

4132.14 
4135.10 
4139.05 
4141.49 
4147.80 

4149.07 
4164.64 
4169.12 
4170.11 
4172.24 

4172.36 
4174.57 
4180.82 
4186.90 
4190.30 


20 
3 

2? 

6 

1 
1 

1 

3 

1? 

2000 

40 

2 

1 


8 
1? 
2 

20 
2 

4 
5 
4 

3 
1? 

1 

1? 
3 

100 
4 


11 

n 


3454.08 
3456.30 


60 

1? 

20 


3458.27 
3458.36 


4 
4 

7 

1 

1? 
100 


11 
n 

1 

1 


3460.27 
3461.71 
3462.36 


2 

6 


3464.36 
3467.05 


20 
3 

2 
2 
5 
8 
80 

10 


11 


3469.02 






3470.78 






3474.81 
3476.31 
3478.84 

3485.76 
3488.42 


2 
30 

15 

3 
3 
1 


{ 11? 
n 
11 


3488.80 
3491.63 


3 

1? 


1 


3495.92 


5ft 




3502.18 


3 
3 
15 
4 


1 


3506.14 




1 


3507.83 


3 

1 
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3 
10ft 

2 

1? 

3 

1 

4 

4 


3 




5803.45 


15 






5808.69 


2 








5810.68 


2? 




40 
1ft? 

5 
4 

100 
50 

1 
40 
30 

50 

4 




5811.95 


1? 

100 

2? 






5819.43 


7 








5824.35 








5831.82 


1 

60ft 

1? 




10 
5 




5834.00 


1 


7 
10ft? 




5834.58 






5835.54 


1? 
2? 

150 
2 


20ft 


800 
? 

3 
2 
2? 




5836.22 




4 


ii? 


5837.15 


50 


4 

2? 

6 

2ft? 

5 

1? 
15ft 




5838.67 






5842.45 


1? 
2? 






5844.46 






4? 




5847.24 


2ft 

1 

2 

6 

30ft 




1? 

10 
2 
3 
2 

7 




5854.52 


30 




? 
? 
? 
? 

20 

3? 

4ft 




5865.65 






5868.40 




30ft 
60 




5874.70 
5875.96 


1 
2? 

2 

5 
7 
3 


80 
2 

1 

1? 
15 




5882.81 
5896 61 


10 












5897.22 
5898.80 


100ft 

50ft 

2 

30 
10 


3 
3 
2 


20 
10 

50 

2 




6 




5903.37 
5908.36 


20ft 

1? 
6 
15 
5 
5 




20 

1 
2 
3 
2 

1 
4 
1 
3 


5ft 
4ft? 
20 










5920.39 


1000 
20 




5927.70 






5935.06 


40 




-....— 










5936.47 


2? 

10 

5 
30 
2 

7 






2 

100 

5 


2 




5943.55 


8 


In? 


5946.02 


2? 


5947.28 


2 

40 

3 

4 


5950.65 


60 


60 
7 




5950.98 


8 




5955.35 


2 
10 
3 


50ft 
1? 
1? 
3 

150 

5 




5958.70 




4? 
2 




5959.31 






80 
2 

4ft 

1 

1? 

1000 

2 

1? 




5961.85 


2ft? 


1? 
100 




5972.71 


1? 
1 






5985.35 


5 

2ft? 
20ft 


5 




5986.80 


8 




5987.91 


2 
15 
50 


15ft 
4 
30 


50 
20 




5989.32 


3 
20 




5991.51 


150 
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Table 1. — Arc and spark spectra of ytterbium (Z = 70) — Continued 



X air A 


Intensity and 
character 


Spec- 
trum 


X air A 


Intensity and 
character 


Spec- 
trum 


X air A 


Intensity and 
character 


Spec- 




Arc 


Spark 


Arc 


Spark 


Arc 


Spark 


trum 


6820.04 


3/» 




1 

ii 
11 

1 
11 

1 
11 

1 
11 
11 

I 

{ 11? 

1 

11 
1 

1, 11? 

1 


7175.14 
7187.06 
7222.72 

7244.47 

7251.5 

7305.25 

7313.10 

7342.3 

7350.09 

7361.8 

7377.55 

7405.92 

7422.1 

7448.33 
7527.56 
7699.49 
7722.58 
7734.5 

7758.03 

7781.5 

7877.30 

7895.12 

7922.40 


10 
5 
3 

20 

2? 

15 

20 

2? 

40 
1? 
4 
3 
4? 

30 

80 

1500 

2 

1? 

10 

1? 

15 

20 

7 






8053.41 
8607.51 
8922.61 
9094.44 
9104.06 

9304.44 
9349.27 
9392.8 
9524.43 
9677.8 

9688.6 
9760.37 
9799.88 
9870.07 
9976.40 

10267.36 
10321.64 
10770.1 


10 

8 
20 

3 

3 

15 
20 

5 

4 

2? 

3? 
100 
10 
6 
4 

7 
5 
2Lu? 






6826.06 


2? 

6 










6828.90 


1 
2/tf 








1 


6833.57 










6864.26 


10ft? 




1 




10 










6871.54 








6877.94 


8ft? 










6878.12 


3? 










6881.43 


4ft? 
4? 










6889.60 










2? 

15 

2 
2 
2 

3 
15 
5 

2? 
3 

2 

8 










6913.55 








6934.04 


10 


















6951.51 










6963.11 


5 






6977.68 




1 








2 
3 






6982.00 








6999.87 










7020.16 










7027.78 








7032.04 
























7032.91 








7043.79 

























The data of table 1 represent at least three different spectra, each 
characteristic of Yb in some form or another. About 400 lines belong 
to neutral Yb atoms (Yb 1 spectrum), approximately 1,250 character- 
ize singly ionized atoms (Yb 11 spectrum), and possibly a dozen belong 
to doubly ionized atoms (Yb in spectrum). We found no evidence 
of band heads which could be assigned to a molecular spectrum of 
ytterbium compounds. 

The successive atomic spectra are differentiated mainly on the basis 
of intensity comparisons of arc and spark spectra, but since the latter 
were not recorded beyond 7,000 A the lines of longer wave length 
from ionized atoms remain unobserved, or unrecognized if recorded in 
arc spectra. The Yb 1 spectrum is surprisingly simple, but may not 
be fully developed in the arc. It may possess more lines in the infra- 
red but the available Yb material was too scarce and precious to permit 
long exposures required to photograph beyond 10,500 A. The Yb 11 
spectrum is probably even more complex than is apparent because in 
addition to being undetermined beyond 7,000 A some lines are prob- 
ably overlooked on account of being masked by silver lines or by the 
air spectrum. 

Our assignment of lines to successive spectra agrees almost per- 
fectly with King's [13] separation of ionization stages based upon a 
study of the electric-furnace spectra of Yb. This grouping of lines is 
further confirmed by the spectral-term analyses, insofar as they have 
been carried out. 

Since no details concerning regularities in the spectra of ytterbium 
have heretofore been published, we present a preliminary report, as 
follows: Soon after making our first measurements and identifications 
of lines from neutral Yb atoms, in 1930, we found from repeated 
differences among wave numbers three energy levels with separations 
of 703.5 and 1718.4 cm" 1 . These were interpreted as (f H sp) z F 0X2 by 
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Prof. H. N. Russell, who promptly identified two singlet levels 
(J Us PY-Pi and (f u s 2 yS , which account for the two lines of outstanding 
intensity and easy excitation in the Yb I spectrum. These terms and 
their combinations are displayed in table 2 where the term symbols 
and relative values appear on the margin and the wave lengths (inten- 
sities) and wave numbers of the observed combinations at intersec- 
tions of lines and columns. Only the terms which can be interpreted 
with considerable certainty are given now, the remainder being re- 
served until the analysis is completed and confirmed by observations 
of Zeeman effects, which, up to the present time, have not been pro- 
duced for Yb spectra. It appears certain that the normal state of 
neutral Yb atoms is described by (4/ 14 6s 2 ) 1 S and that the most intense 
line of the Yb i spectrum is (4f u 6s 2 yS Q - (^mp)^ with wave 
length 3,987.99 A. This spectrum closely resembles that of an alka- 
line earth. Indeed, the fact that Yb may be bivalent accounts for its 
separation by electrolytic reduction from other trivalent rare 
earths [14] . 

Proceeding in a similar manner with Yb n lines the authors found 
several score of levels combining to produce some hundreds of lines, 
but it was impossible to group the levels into terms and identify them. 
Two lines of extraordinary intensity featuring the Yb n spectrum 
were not included among our level combinations and Professor Russell 
suggested that they represent the transition (/ 14 s) 2 S — (f 1 ^) 21 ^^- 
When the / shell is completely filled (J u ) it contributes nothing to the 
spectrum and a single-valence electron will produce an alkali-like 
spectrum with (s) 2 S describing the normal state. However, the rela- 
tively great complexity of the Yb n spectrum indicates that most of 
the excited states must arise from electron configurations of types 
Z 1 ^ 2 , f iz sd, / 13 rf 2 , f w sp 1 j^sdy which produce large families of spectral 
terms. This is probably the explanation of the numerous levels first 
discovered, but further attempts to interpret them and connect them 
with terms arising from configurations with f u electrons will be post- 
poned until Zeeman effects are available. 



Table 2. — Terms and combinations in the Yb i spectrum 



Term symbol . 
Value 



Term symbol 



Value 



(4/i<6*67J) 3 Po 
17288. 5 



(4/i<6.s6p) s P? 
17992. 



(4/"6s6p)8P? 
19710. 4 



(J/"fis6p)ip? 
25008. 2 



(4/"6«*)iSo— . 
(4/«6»7*)3Su.. 

(4/"6s5d)3Di„ 

(4/"6s5d)3D 2 _. 

(4/Mflt5d)»D*_ 

(4/"6*5d)iD 2 _ 
(4/"6s8s)3Si_. 
(4/"6*6d)iDj__. 



0.0 
32694. 7 

39808. 7 

39838. 

39960. 1 

40061. 5 

41614.9 

44760. 3 



6489. 10(800) 
15406. 2 

4439.21(100) 
22520. 2 



4109. 60(5) 
24326. 4 



5556. 48(1500) 
17992. 

6799.61(1000) 
14702. 7 

4582. 36(50) 
21816. 7 

4576.21(200) 
21846. 



4529. 90(20) 
22069. 4 

4231. 99(10) 
23622. 9 

3734. 70(6) 
26768. 3 



7699. 49(1500) 
12984. 3 

4974. 16(10) 
20098. 3 

4966.91(100) 

20127. 6 

4935.51(500) 

20255. 7 

4912. 38(20) 
20351. 1 

4564. 00(50) 
21904.5 

3990. 89(40) 
25050. 



3987.98(2000) 
25068. 2 



6782. 17(4) 
4740. 5 

6768. 70(80) 
4769. 8 



6667. 85(1000) 
4993. 2 



5076. 75(50) 
19692. 2 
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The resonance lines of Yb n are interpreted with considerable 
certainty, as shown in table 3. The most intense line emitted by 
singly ionized Yb atoms is expected to be (/ 14 6s) 2 S}£— (/ 14 6p) 2 Pi^ with 
wave length 3289.36 A, but the estimated intensities appear to be 
somewhat anomalous. Apparently 3694. 19A is the strongest Yb n 
line. 

No attempt has been made to analyze the Yb in spectrum, but it 
may be expected that the ground state of doubly ionized Yb atoms is 
described by (4/ 14 ) 1 S . The full shell of /-type electrons is likely to 
have high stability on account of which the fundamental lines emitted 
by Yb ++ ions will probably lie in the extreme ultraviolet. 

Table 3. — Terms and combinations in the Yb n spectrum 



Term symbol. 


(4/»6p)'P o 0K 
27061. 9 


(4/"6p)ap°ia 
30392. 3 


Value 


Term symbol 


Value 


(4/"6s)2So H 
(4/iWSo* 


0.0 
54304. 3 


3694. 19(1000) 
27061. 9 

3669. 71(10) 
27242. 4 


3289. 36(800) 
30392. 3 

4180. 82(100) 
23912. 
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